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(57) ABSTRACT

A harness connection structure has a first arm; a second arm
which has a base side that 1s rotatably coupled to the first arm
via an arm joint; and a harness that extends from a leading
end of the first arm and 1s guided 1nto an arm 1nterior at the
arm joint. The leading end of the first arm has a harness
holding part that holds one longitudinal side of the harness.
The arm joint has a harness fixing part that fixes the other
longitudinal side of the harness inside the arm joint. The
harness fixing part 1s disposed such that the harness 1s
inclined from the longitudinal axis of the second arm toward
the leading end of the first arm.

10 Claims, 10 Drawing Sheets
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ROBOT-ARM HARNESS CONNECTION
STRUCTURE AND MULTI-JOINED
WELDING ROBOT

TECHNICAL FIELD

The present imvention relates to a robot-arm harness
connection structure and a multi-joined welding robot.

BACKGROUND ART

A multi-joined welding robot configured to movably
support a welding torch for arc welding by a multi-joined
robot has been known (see Patent Documents 1 and 2). This
multi-joined welding robot 1s configured such that the weld-
ing torch attached to an arm tip end portion 1s moved to an
optional position on space coordinates 1n an optional posture
by the multi-joined robot including multiple arms coupled
through drive shatts. For example, 1n the case of a six-axis
robot, each shaft of a multi-joined robot having at least six
degrees of freedom including basic three shafts of a pivoting
portion (a first drive shaft), a lower arm (a second drive
shaft), and an upper arm (a third drive shaft) is used to move
a tip end of the welding torch along a preset welding line.

CITATION LIST

Patent Document

Patent Document 1: Japanese Patent No. 5715198
Patent Document 2: Japanese Patent No. 4142304

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

The arms of the multi-joined robot are arranged such that
a harness bundling various cables such as a power line and
a signal line for an arm drive motor extends from one arm
to another arm on an arm outer side in the vicinity of a joint
portion. A broader movable area of each arm of this multi-
jo1ined robot results 1 a higher degree of freedom 1n a torch
posture, and therefore, a broad movable area not only 1n a
positive rotation direction but also in a negative rotation
direction from an original posture of the robot 1s designed.

However, 1n the case of driving the arm 1n the negative
rotation direction, the bending radius of the harness con-
nected to the arm miaght locally reach a smaller bending
radius than the allowable bending radius of the harness.
Moreover, external force due to torsion 1s on the harness, and
the harness 1s sandwiched between the arms. For these
reasons, an opening through which the harness on the arm
outer side 1s led 1n the arm 1s mnevitably arranged apart from
the arm joint portion coupling the arms. However, 1n a case
where the arm joint portion includes the arm drive motor, no
opening can be provided at a spot at which, e.g., a member
to be driven by the motor 1s arranged, and the opening needs
to be arranged at a fixing portion not susceptible to motor
drive. Thus, for ensuring an opening arrangement space, the
arm joint portion 1s provided to extend to a position apart
from a joint center shifted from a motor arrangement posi-
tion. As a result, the arm joint portion 1s increased 1n size,
and 1s increased in weight. This leads to occurrence of
vibration 1n drive. For example, 1n the case of a six-axis
robot, a motor configured to rotatably drive a third drive
shaft of an upper arm and a motor configured to rotatably
drive a fourth drive shaft for wrist pivoting may be housed
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in an arm joint portion coupling a lower arm and the upper
arm. In this case, an increase 1n the size of the arm joint

portion cannot be avoided for harness drawing.

For these reasons, the present invention 1s intended to
provide a robot-arm harness connection structure configured
so that an arm jomnt portion can be downsized without
causing narrowing of a harness bending radius and contact
between arms and a multi-joined welding robot.

Solution to the Problem

One aspect of the present invention 1s a robot-arm harness
connection structure including a first arm, a second arm
having a base end side rotatably coupled to a tip end portion
of the first arm through an arm joint portion, and a harness
extending from the tip end portion of the first arm and led 1n
an arm mner side at the arm joint portion of the second arm.
The tip end portion of the first arm has a harness holding
portion for holding one side of the harness 1n a longitudinal
direction. The arm joint portion has a harness {ixing portion
for fixing the other side of the harness 1n the longitudinal
direction to the mside of the arm joint portion. The harness
fixing portion 1s configured such that the harness 1s arranged
with the harness being inclined from a longitudinal axis of
the second arm to a tip end portion side of the first arm.

According to the robot-arm harness connection structure,
the hamess 1s fixed to the arm joint portion with the harness
being inclined from the longitudinal axis of the second arm
to the tip end side of the first arm. Thus, 1n the case of driving
the first arm and the second arm, curving of the harness with
a small curvature radius and great shear force on the harness
due to sandwiching of the harness between the arms can be
prevented. Moreover, the position at which the harness 1s led
in the arm joint portion can be closer to a joint shait coupling
the arms. Thus, the arm joint portion can be shortened 1n the
longitudinal direction of the second arm, the weight of the
arm joint portion can be reduced, and occurrence of vibra-
tion 1 arm drive can be reduced.

The harness 1s preferably configured such that a curvature
generated by inclination by the harness fixing portion 1is
equal to or greater than the allowable bending radius of the
harness, and the tip end portion of the first arm 1s preferably
arranged 1nside a curved inner surface of the harness 1n a
radial direction of an arc line with a curvature radius.

According to the robot-arm harness connection structure,
damage due to bending of the harness can be prevented 1n
any posture of the upper arm. Moreover, even 1f the harness
curves to the allowable bending radius, contact between the
harness and the tip end portion of the lower arm can be
avoided.

The first arm preferably has a first stopper portion. The
second arm preferably has a second stopper portion config-
ured to contact the first stopper portion on a leading side in
a rotation direction of the second arm and an opening
through which the hamess extending from the tip end
portion of the first arm 1s led 1n the arm joint portion. The
second stopper portion 1s preferably arranged on the leading
side 1n the rotation direction with respect to the opening.

According to the robot-arm harness connection structure,
when the arm 1s driven, sandwiching of the harness between
the first stopper and the second stopper can be prevented.

A conductive line connected to a motor configured to
rotatably drive the second arm 1s preferably inserted into the
harness.

According to the robot-arm harness connection structure,
the conductive line, such as a signal line or a power line,
connected to the motor can be housed in the harness without
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curving with a small curvature radius, and can be reliably
protected for a long period of time.

One aspect of the present invention 1s a multi-joined
welding robot having the above-described robot-arm har-
ness connection structure.

According to the multi-joined welding robot, the weight
of the arm joint portion 1s reduced, and occurrence of
vibration 1s reduced. Thus, high-accuracy welding can be
performed.

The above-described multi-joined welding robot may
include a pivoting portion provided pivotably about a first
drive shait along the vertical direction on a base, the first arm
having a base end portion coupled to the pivoting portion
through a second drive shait along the horizontal direction,
and the second arm coupled to the tip end portion of the first
arm and provided rotatably about a third drive shaft parallel
with the second drive shatt.

According to the multi-joined welding robot, the size and
weight of the arm joint portion of the second arm having the
third drive shaft at which inertia force is easily caused can
be reduced, and occurrence of vibration on an end eflector
side due to motor drive can be reduced.

Advantageous Effects of the Invention

According to the present invention, the arm joint portion
can be downsized without causing narrowing of the harness
bending radius and contact between the arms.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view of an entire configuration of a welding
system.

FI1G. 2 1s a perspective view of an outer appearance of one
example of a multi-joined welding robot.

FIG. 3 1s a schematic view for describing drive shafts of
the multi-joimned welding robot 1llustrated 1n FIG. 2.

FIG. 4 1s an enlarged perspective view of an arm joint
portion coupling a lower arm and an upper arm.

FIG. 5 1s an upper view of the arm joint portion of FIG.
4.

FIG. 6 1s a perspective view 1n a state 1n which the upper
arm 1s driven 1n a negative rotation direction from an
original posture of the welding robot.

FIG. 7 1s a perspective view of the lower arm and the
upper arm from a V1 direction of FIG. 6.

FIG. 8 1s a view for describing a positional relationship of
an opening of a harness fixing portion between the upper
arm and the lower arm at each rotation position.

FIG. 9 1s a schematic lower view of the lower arm and the
upper arm from a V2 direction of FIG. 8 as a reference
example.

FIG. 10 1s a schematic lower view of the lower arm and
the upper arm from a V2 direction of FIG. 8 in a harness
connection structure of the present configuration.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described 1n detail with reference to the drawings.

FIG. 1 1s a view of an entire configuration of a welding
system.

A welding system 100 includes a multi-joined welding
robot 11, a control device 13, a welding power supply 15,
and a teaching controller 17. An end effector 19 1s connected
to a tip end shait of the multi-joined welding robot 11
(heremaiter abbreviated as a “welding robot™). The end
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cllector 19 of the present configuration 1s a torch support
portion 23 having a welding torch 21. In addition to the torch
support portion 23, other tools such as a two-axis weaver
configured to perform weaving operation of a welding torch
and a cutting machine can be employed as the end eflector
19.

The control device 13 drives the welding robot 11 based
on teaching data input from the teaching controller 17. The
control device 13 1s a computer device configured such that
a CPU reads and executes a program stored 1n a storage unit
such as a ROM, a RAM, or a hard drive to control each unit
of the welding system 100.

A welding wire 20 as a consumable electrode, such as a
flux cored wire or a solid wire, 1s reeled out of a wire pack
14 by a not-shown wire feed device, and 1n this manner, 1s
supplied to a tip end of the welding torch 21. The welding
power supply 15 1s connected to the welding torch 21 and a
work W through a power supply cable 16. According to a
command from the control device 13, welding current is
supplied to the welding torch 21 through a power cable
arranged 1n the welding robot 11. Moreover, shield gas 1s
supplied to the welding torch 21 to provide protection from
entrapment of atmospheric air in welding. Further, cooling
water for torch cooling 1s also supplied to the welding torch
21.

The control device 13 drives the welding robot 11 to move
the welding torch 21 to a welding position. Moreover, the
control device 13 supplies the welding current from the
welding power supply 15 to between a tip end of the welding
wire 20 and the work W to generate arc between the welding
wire 20 at the tip end of the welding torch 21 1n shield gas
atmosphere and the work W. While the arc 1s being gener-
ated, the welding robot 11 1s driven such that the welding
torch 21 moves 1n a trajectory taught in advance. In this
manner, the work W 1s welded.

Next, a configuration of the welding robot 11 of the
welding system 100 will be described 1n more detail.

FIG. 2 1s a perspective view of an outer appearance of one
example of the welding robot, and FIG. 3 1s a schematic
view for describing a drnive shait of the welding robot
illustrated i FIG. 2.

The welding robot 11 described herein 1s a typical six-axis
robot having six drive shaifts. In addition to the six-axis robot
described herein as an example, the welding robot 11 may
be, for example, a seven-axis robot or multiaxial robots
having other configurations.

The welding robot 11 includes a base 31, a pivoting
portion 33 provided pivotably about a first drive shaft S1
along the vertical direction on the base 31, and a lower arm
(a first arm) 35 having one end portion coupled to the
pivoting portion 33 through a second drive shaft S2 along
the horizontal direction and provided rotatably about the
second drive shatt S2. Further, the welding robot 11 1ncludes
an upper arm (a second arm) 37 connected to the other end
portion of the lower arm 35 through a third drive shaft S3
parallel with the second drive shaft, a wrist pivoting portion
39 provided at the upper arm 37 and provided rotatably
about an arm axis by a fourth drive shaft S4, a wrist bending
portion 41 connected to the wrist pivoting portion 39
through a fifth drive shaft S5, and a wrist rotation portion 43
connected to a tip end of the wrist bending portion 41 and
having a sixth drive shaft S6. The lower arm 35, the upper
arm 37, the wrist pivoting portion 39, the wrist bending
portion 41, and the wrist rotation portion 43 form a multi-
joined arm.

The above-described torch support portion 23 is arranged
between the sixth drive shait S6 of the wrist rotation portion
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43 as the shait of the multi-joined arm on the most tip end
side and the welding torch 21.

The first drive shaft S1 to the sixth drive shait S6 of the
welding robot 11 are driven by not-shown drive motors such
as servomotors. A drive signal 1s input from the control
device 13 (see FI1G. 1) to each of these drive motors such that
the rotation angle of each drive shatt 1s controlled. Accord-
ingly, the welding torch 21 can be positioned in a desired
posture 1n an XYZ space.

FIG. 4 1s an enlarged perspective view of an arm joint
portion 49 coupled to the lower arm 35 and the upper arm
37, and FIG. 5 1s an upper view of the arm joint portion 49
of FIG. 4.

The arm joint portion 49 of a base end portion 53 of the
upper arm 37 1s supported on a shaft body (not shown) as the
third drive shaft S3 fixed to a tip end portion 51 of the lower
arm 35. The arm joint portion 49 i1s configured as a single
block body including a S3 motor (not shown) configured to
drive the upper arm 37 about the third drive shait S3 and a
S4 motor configured to drive a tip end side of the upper arm
377 about the fourth drive shait S4. That 1s, the upper arm 37
has the base-end-side arm joint portion 49 and a rotation
shaft portion 45 supported rotatably about the fourth drive
shaft S4 on the arm joint portion 49 and having a tip end
portion attached to the wrist pivoting portion 39.

A harness 55 1s provided on an arm outer side from the tip
end portion 51 of the lower arm 35 to the arm joint portion
49 of the upper arm 37. The harness 335 1s led out from an
arm 1nner side to the arm outer side at the tip end portion 51
of the lower arm 35, and is led 1n the arm inner side from the
arm outer side at the base-end-side arm joint portion 49 of
the upper arm 37. The harness 55 has an outer surface
portion formed by a protective tube, and various conductive
lines such as signal lines and power lines for the S3 motor
and the S4 motor are inserted into the protective tube. Note
that the harness 55 may be arranged outside the lower arm
35, and 1n any case, 1s provided to extend from the tip end
portion 51 of the lower arm 33 to the upper arm 37.

In an axial direction of the third drive shaft S3 at the tip
end portion 51 of the lower arm 35, one side of the harness
55 1 a longitudinal direction thereof i1s arranged along an
outer surface 47 on a side opposite to an arrangement side
of the arm joint portion 49, and 1s held by a harness holding
portion 57 provided at the tip end portion 51 of the lower
arm 35. The harness holding portion 537 may be an opening
provided at a housing of the lower arm 35 as 1n an illustrated
example, or may be a support member, such as a tying band,
provided on the outer surface 47 of the lower arm 35. The
harness holding portion 57 holds the harness 55 at the tip end
portion 51 of the lower arm 33 so that the harness 55 can be
recled out or can contract and retreat in a longitudinal
direction of the lower arm 35.

The other side of the harness 55 in the longitudinal
direction thereof 1s fixed to a harness fixing portion 59
formed at the arm joint portion 49. The harness fixing
portion 59 has an annular wall portion 61 protruding out-
ward 1n a radial direction of the third drive shaft S3, and a
lid portion 63 covering a top surface of the annular wall
portion 61. At an opposing wall portion 65 of the annular
wall portion 61 on a lower arm 335 side in the axial direction
of the third drive shaft S3, an opening 67 through which the
harness 55 1s led 1n the hamess fixing portion 39 from the
arm outer side 1s formed. In the harness fixing portion 59, a
tip end of the harness 55 led in through the opening 67 1s
fixed to an attachment surface 71 with a {ixing tool 69. Note
that the lid portion 63 is fixed to the annular wall portion 61
with a not-shown fastening member such as a screw.
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As 1llustrated 1n FIG. 5, the harness 55 1s inserted 1nto the
arm joint portion 49 from a tip end portion of the upper arm
37 to a base end portion 53 side with the harness 535 being
inclined at an inclination angle o from a longitudinal axis
(the fourth drive shait S4) of the upper arm 37. The tip end
ol the inserted harness 55 1s fixed to the attachment surface
71 of the harness fixing portion 59 in a posture inclined from
the longitudinal axis. In other words, the harness 55 1s
inserted through the opening 67 of the arm joint portion 49,
and 1s arranged with the harness 55 being inclined at the
inclination angle o from the longitudinal axis of the upper
arm 37 toward a tip end portion 51 side of the lower arm 35.

FIG. 6 1s a perspective view 1n a state 1n which the upper
arm 37 1s driven 1n a negative rotation direction from an
original posture (indicated by a dashed line in the figure) of
the welding robot 11, and FIG. 7 1s a perspective view of the
lower arm 35 and the upper arm 37 from a V1 direction of
FIG. 6.

According to the arm joint portion 49 and the harness 55
having the above-described harness connection structure,
the harness 35 extends backward in the negative rotation
direction of the upper arm 37 from the arm joint portion 49.
Thus, even when the upper arm 37 1s driven to an inverted
position of about —180° from the original posture in the
negative rotation direction, the harness 55 does not locally
curve with a small curvature radius, but extends to the
harness fixing portion 59 of the arm joint portion 49 with the
harness 55 smoothly curving from the tip end portion 51 of
the lower arm 35.

In a typical harness connection structure, the harness 55
1s perpendicularly led in the opposing wall portion 65 (see
FIG. §) of the harness fixing portion 59. Thus, in the case of
driving the upper arm 37 1n the negative rotation direction,
Z-shaped torsion of the harmness 35 occurs, and the harness
55 locally curves with a small curvature radius. However,
according to the harness connection structure of the present
configuration, the harness 35 in a region from the lower arm
35 to the arm joint portion 49 1s arranged along a rotation
movement direction, and as illustrated in FIG. 7, torsion of
the harness 53 such as deformation in a Z-shape 1s reduced.
Moreover, even when the upper arm 37 1s driven 1n a
positive rotation direction, local small curvature of the
harness 55 does not occur.

As 1illustrated in FIG. 2, in the welding robot 11 of the
present configuration, the lower arm 35 and the upper arm
37 have a first stopper portion 73, a second stopper portion
75, and a third stopper portion 77 (see FIG. 4) for deter-
mining a movable area with respect to the lower arm 335 of
the upper arm 37. The first stopper portion 73 1s provided at
the lower arm 35. The second stopper portion 75 1s provided
at the arm joint portion 49, and 1s configured to contact the
first stopper portion 73 on a leading side 1n the negative
rotation direction of the upper arm 37 about the third drive
shaft S3. Moreover, the third stopper portion 77 1s provided
at the arm joint portion 49, and 1s configured to contact a
back side of the first stopper portion 73 on a leading side of
the positive rotation direction of the upper arm 37.

As illustrated in FIGS. 4 and 5, the second stopper portion
75 1s arranged on the leading side in the negative rotation
direction with respect to the opening 67 through which the
harness 35 1s led 1n the harness fixing portion 59. Thus, the
harness 55 1s arranged on a back side 1n the negative rotation
direction with respect to the second stopper portion 75. In
addition, the harness 535 extends from the harness fixing
portion 59 to the tip end side of the upper arm 37, and
therefore, 1s not sandwiched between the first stopper por-
tion 73 and the second stopper portion 75.
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Next, the above-described harness connection structure
will be described 1n more detail.

FIG. 8 1s a view for describing a positional relationship of
the opening 67 of the harness fixing portion 59 between the
upper arm 37 and the lower arm 35 at each rotation position.

In a case where the upper arm 37 1s driven about the third
drive shaft S3 1n the negative rotation direction from the
original posture (0=0°) and 1s arranged at the inverted
position (0=-180°), the opening 67 of the harness fixing
portion 59 does not overlap with the lower arm 35. However,
in a case where the upper arm 37 i1s further driven 1n the
negative rotation direction and reaches such a position
(0=0c) that the opening 67 overlaps with the lower arm 35,
the harness needs not to be sandwiched between the upper
arm 37 and the lower arm 35.

FIG. 9 1s a schematic lower view of the lower arm 35 and
the upper arm 37 from a V2 direction of FIG. 8 as a reference
example.

A case where the harness 35 i1s led in the harness fixing
portion 59 substantially in parallel with the third drive shaft
S3 with almost no clearance being formed between an
opposing wall portion 65a of the harness fixing portion 59
formed at the upper arm 37 and an mner surface 81 of the
lower arm 335 facing the arm joint portion 49 i1s assumed
herein. In this case, by rotation drive about the third drive
shaft S3 of the upper arm 37, an opening region of the
opening 67 1s going to enter an mner region with respect to
a side portion 83 of the lower arm 35 1n a width direction (an
upper-to-lower direction in the figure) perpendicular to the
longitudinal direction of the lower arm 335, 1.e., within the
width of the lower arm 35 1n the upper-to-lower direction in
the figure. Then, the harness 55 led in the opening 67 1s
sandwiched by the side portion 83 of the lower arm 35, and
shear force 1s on the harness 55.

FI1G. 10 1s a schematic lower view of the lower arm 35 and
the upper arm 37 from the V2 direction of FIG. 8 1n the
harness connection structure of the present configuration.

A case where an inclined surface 76a configured to guide
the harness 55 1s provided on a side opposite to an arrange-
ment side of the second stopper portion 75 at a support
portion 76 of the second stopper portion 75 arranged
between the opposing wall portion 65 of the harness fixing
portion 59 and the inner surface 81 of the lower arm 35 and
the harness 53 protrudes from the opening 67 in an inclined
state 1s assumed herein.

In this case, in the original posture of the upper arm 37,
the opening 67 1s formed with an inclined surface inclined
at the inclination angle o from the fourth drive shait S4, and
1s connected to the inclined surface 76a of the support
portion 76 with the same 1nclination as that of the inclined
surface 76a. Thus, the harness 535 i1s arranged with the
harness 55 gently curving from the opening 67 to the side
portion 83 of the lower arm 35. Thus, no great shear force
acts on the harness 35 by rotation drive about the third drive
shaft S3 of the upper arm 37.

As 1llustrated i FIG. 5, the harness 35 protruding from
the opening 67 to the lower arm 335 1s, by the inclined surface
of the opening 67 and the inclined surface 76a of the support
portion 76, arranged in a state 1n which the harness 335 1s
inclined from the fourth drive shaft S4 and gently curves.
When the curvature radius of the harness 55 1s R, the center
of curvature 1s O, and the diameter of the harness 55 1s 2r,
the minimum curvature radius Rt of the harness 55 at a
curved inner surface thereolf 1s represented by Rt=R-r.

The curvature radius R of the harness 35 is preferably
equal to or greater than the allowable bending radius of the
harness 55. In this case, even 1n any posture of the upper arm
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37, damage due to bending of the harness 55 can be
prevented. Moreover, even 1n a case where the harness 55
reaches the allowable bending radius, the tip end portion 51
of the lower arm 35 1s preferably arranged 1nside an arc line
with the above-described minimum curvature radius Rt in
the radial direction. That 1s, a distance B from the curvature
radius center O of the harness 35 to the side portion 83 of the
lower arm 35 i1s preferably smaller than the minimum
curvature radius Rt 1n a case where the allowable bending
radius 1s R. According to this configuration, even if the
harness 55 curves to the allowable bending radius, contact
between the harness 35 and the tip end portion 51 of the
lower arm 35 1s avoided.

As described above, according to the harness connection
structure of the present configuration, the opening 67 1s, as
illustrated 1n FIG. 10, arranged 1nside the side portion 83 of
the lower arm 35 1n the width direction of the lower arm 35
in the original posture of the upper arm 37. Thus, the length
(1n an illustrated example, indicated by a distance Lal from
the third drive shaft S3 to a boundary between the rotation
shaft portion 45 of the upper arm 37 and the arm joint
portion 49) of the arm joint portion 49 1n a fourth drive shaft
S4 direction can be shortened as compared to a distance La
in the case of the reference example 1llustrated 1n FIG. 9.

Thus, according to the harness connection structure 1llus-
trated 1n FIG. 10, the length of the arm joint portion 49 1n the
fourth drive shaft S4 direction 1s shortened, and reduction 1n
the size of the arm joint portion 49 and reduction in the
weight of the arm joint portion 49 can be realized. Thus,
occurrence of vibration due to arm ertia in arm drive can
be reduced. Thus, according to the welding robot having this
harness connection structure, high-quality welding as
intended can be realized, and the quality of a resultant
welded product can be improved.

Particularly, in a case where weaving operation of the
welding torch 21 1s performed using the two-axis weaver,
unnecessary vibration of the welding torch 21 due to, e.g.,
arm 1nertia in motor drive can be reduced, and higher-
accuracy swing operation can be realized.

Moreover, regardless of a rotation state of the arm joint
portion 49, contact between the harness 55 and the tip end
portion 51 of the lower arm 35 can be avoided, and damage
of the harness 55 can be prevented in advance.

If there 1s room for an inter-shaft distance from the third
drive shaft S3 to the fourth drive shaft S4, when the harness
55 1s led 1n the upper arm 37 from a base end side (the lower
arm 35 side) of the upper arm 37, an operation area of the
upper arm 37 in both of front and back directions can be
expanded. However, 1n this case, the upper-to-lower height
of the arm joint portion 49 connecting the third drive shatt
S3 and the fourth drive shait S4 1s increased. This leads to
lower robot rigidity, and it 1s dithicult to ensure proper
welding torch movement accuracy. Further, the length of an
exposed portion of the harness 335 from the lower arm 35 and
the upper arm 37 1s increased. Thus, contact with peripheral
members easily occurs, and the probability of damaging the
harness 55 during robot operation 1s increased. The harness
may be drawn 1n through a hollow portion by means of a
reducer with a hollow structure as the third drive shaft S3,
but 1n this case, a cost 1s higher.

On the other hand, according to the robot-arm harness
connection structure of the present configuration, damage of
the harness 55 can be prevented without lowering robot
rigidity, and high-accuracy drive can be realized with low
COst.

The present invention 1s not limited to the above-de-
scribed embodiment. The present invention also includes
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combinations of the configurations of the embodiment and
changes and applications made based on description of the
specification and well-known techniques by those skilled 1n
the art, and these combinations, changes, and applications
are 1ncluded 1n the scope of protection sought.

Application to the welding robot has been described as the
above-described robot-arm harness connection structure by
way ol example, but the present configuration 1s not limited
to above. The present configuration 1s also applicable to
robot arms of industrial robots for performing various types
of operation such as member cutting, assembly, transfer, and
delivery.

A wire member, such as the conductive line, inserted into
the harness 1s not limited to a motor drive purpose, and other
members such as a pipe for supplying shield gas or cooling
water to the welding torch and a power cable for supplying
welding power for arc generation may be mixed or arranged
alone.

The present application 1s based on a Japanese patent
application (Japanese Patent Application No. 2017-17110)
filed Feb. 1, 2017, the disclosure of which 1s incorporated
herein by reference.

EXPLANATION OF REFERENCE NUMERALS

11 welding robot (multi-joined welding robot)
19 end etlector

21 welding torch

31 base

33 pivoting portion

35 lower arm (first arm)
37 upper arm (second arm)
49 arm joint portion

51 tip end portion

53 base end portion

35 harness

57 harness holding portion
59 harness {ixing portion
67 opening

73 first stopper portion

75 second stopper portion
81 inner surface

The 1nvention claimed 1s:

1. A robot-arm harness connection structure comprising:

a first arm having a tip end portion;

a second arm extending 1n a longitudinal axis thereof, the
second arm having a base end at one end thereof along
the longitudinal axis, the base end being rotatably
coupled to the tip end portion of the first arm through
a rotation axis of an arm joint portion; and

a harness extending out from the tip end portion of the
first arm and led into the second arm at the arm joint
portion of the second arm,

wherein the tip end portion of the first arm has a harness

holding portion for holding one longitudinal end of the

harness,

the arm joint portion has a harness fixing tool for fixing
the other longitudinal end of the harness to an 1side of
the arm joint portion, and

the harness fixing tool fixes the other longitudinal end of
the harness such that a portion of the harness that 1s
adjacent to the other longitudinal end that 1s fixed by
the harness fixing tool 1s inclined, 1n a plane parallel to
the rotation axis and the longitudinal axis of the second
arm, by an acute angle from the longitudinal axis of the
second arm and 1n a direction toward the tip end portion
of the first arm.
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2. The robot-arm harness connection structure according
to claim 1, wherein

the harness fixing tool generates a curvature about a
center of curvature, for the portion of the harness that
1s adjacent to the fixed other longitudinal end of the
harness:

the harness 1s configured such that a bending radius of the
curvature generated by the harness fixing tool 1s equal

to or greater than an allowable bending radius of the
harness, and

the tip end portion of the first arm 1s arranged at the same
side of the harness as i1s the center of curvature.

3. The robot-arm harness connection structure according,
to claim 1, wherein

the first arm has a first stopper portion,

the second arm has a second stopper portion configured to
contact the first stopper portion due to rotation of the
second arm 1n a rotation direction, and an opening
through which the harness extending from the tip end
portion of the first arm 1s led into the second arm at the
arm joint portion, and

the second stopper portion leads the opening 1n a direction
reverse to the rotation direction.

4. The robot-arm harness connection structure according,
to claim 1, wherein

a conductive line connected to a motor configured to
rotatably drive the second arm 1s provided in the
harness.

5. The robot-arm harness connection structure according,
to claim 3, wherein

a conductive line connected to a motor configured to
rotatably drive the second arm 1s provided in the
harness.

6. A multi-joined welding robot comprising;:

the robot-arm harness connection structure according to
claim 1.

7. The multi-joined welding robot according to claim 6,
further comprising:

a pivoting portion provided pivotably about a first drive
shaft along a vertical direction on a base;

the first arm having a base end portion coupled to the
pivoting portion through a second drive shait along a
horizontal direction; and

the second arm coupled to the tip end portion of the first
arm and provided rotatably about a third drive shatt
parallel with the second drive shatt, wherein the third
drive shait comprises said rotation axis.

8. The robot-arm harness connection structure according,
to claim 2, wherein

the first arm has a first stopper portion,

the second arm has a second stopper portion configured to
contact the first stopper portion due to rotation of the
second arm 1n a rotation direction, and an opening
through which the harness extending from the tip end
portion of the first arm 1s led into the second arm at the
arm joint portion, and

the second stopper portion leads the opening 1n a direction
reverse to the rotation direction.

9. The robot-arm harness connection structure according
to claim 2, wherein

a conductive line connected to a motor configured to
rotatably drive the second arm 1s provided in the
harness.
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10. A multi-joined welding robot comprising;:
the robot-arm harness connection structure according to
claim 2.
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